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ABSTRACT
In the graphic design of serious games, player engagement is an im-
portant consideration. We propose a new approach towards aiding
the graphic designer to consider the major factors relevant to player
engagement. This article describes a method for creating effective
graphical content for serious games that takes into account the
impact of complex pictograms on player engagement and on the
learning process. We show how we applied our method to the de-
sign of a serious game for mobile phones aimed at Nepalese women
in rural areas with low literacy skills. Initial results from case study
suggest that our method helps designers to improve the design and
the logic behind their use of imagery to the extent where the need
to use text in the game’s user interface was removed.
CCS CONCEPTS
• Human-centered computing → Graphical user interfaces;
HCI theory, concepts and models; • Applied computing →
E-learning;
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1 INTRODUCTION
Player engagement or motivation appears to be linked to the learn-
ing process within a game [23]. Feeling engaged during a serious
game playing session helps the learner comprehend, try again or
feel a sense of satisfaction [10, 14]. Many characteristics of graph-
ical content can have an impact on the player’s experience [20].
One of the main challenges in serious game design is in designing
visuals that will to satisfy a given learning objectives. Frequently
this concerns making a choice between text - to maximise the pre-
cision of the information being conveyed; and images - to achieve
a more emotional effect, which is considered essential to player
engagement [15]. Nelson et al. [12] found that players’ memory
performance when presented with different styles of images (either
photographs or drawings) did not vary significantly; whereas when
players were presented with text, memory performance was signif-
icantly worse as compared with images. Depending on the game
mechanics, using text to convey information may have a damag-
ing effect on a serious game’s effectiveness. In addition, Lan-Ting
and Kun-Chou [6] have found that learners prefer images with a
determinate level of visual complexity when using small screens.
Until now, these findings related to player engagement and the
use of images have not been applied to serious game design. Yet
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this research suggests that by correctly designing and managing
the use of images in our designs we can improve the experience of
players. Indeed, they can inform our approach to one of the key
challenges in the design of serious games (particularly educational
games): that of how to produce images that are effective for driving
engagement. Woodrow [22] proposes a method for the design of
universal health care icons. While this is a serviceable method from
the point of view of a graphic designer, it fails to take into account
the context for the images (e.g. the type of screen they are displayed
on), user interaction, and issues relevant to designing for player
engagement in a serious game.
In the absence of research into this cross-disciplinary question of
how visual design affects player engagement we propose a method
for designing 2D pictograms for educational serious games [10].
Below we describe how we applied this method to the design of
MANTRA, a mobile game for health designed for rural Nepalese
women with a low level of literacy. We conclude with a discussion
of our case study and our further works
2 BACKGROUND AND RELATEDWORK
2.1 Engagement and graphical content
2.1.1 The sensation of engagement. Player engagement is com-
monly defined using concepts such as motivation, emotion and
fun [4, 15, 17]. Brockmyer et al. [1] meanwhile, associate player
engagement with the sensation of presence. According to Lom-
bard and Ditton [7], presence occurs when players consider both
themselves and the game content to be sharing the same reality.
For engagement and presence, the player’s emotions during and
after the game constitute a major factor [1, 15]. Indeed, O’Brien
and Tom [15] stress affect in their definition of player engagement
and Kostkova [5] studied the importance of the concept for health-
care domain. Their approach integrates concepts such as a game’s
aesthetics, sensory appeal and the feedback given to user.
2.1.2 Graphical content for learning. Natkin et al. [11] have
shown that certain popular and highly-engaging video games can
augment players’ interest in scientific topics. These are video games
that include scientific content represented by the game mechanics
and the game’s graphical content. However, graphical content can-
not be defined merely by the information that it conveys. McLaugh-
lin et al. [9] have shown that game characters in serious games are
more effective for the learning process when they are depicted in
an abstract as opposed to a realistic way. But player engagement
also has an impact on the learning process [23] and realistic virtual
environments can increase the player’s sense of presence, thereby
impacting player engagement [1, 7]. Realism is defined by Lombard
and Ditton [7] as the degree to which a medium produces accurate
representations of objects. Abstraction is defined by McCloud [8] as
the opposite of realism. He defines an abstract object as a graphic
form without meaning, the visual elements of which are reduced
until it retains only its essential elements. We can say, therefore,
that the player’s emotions, sense of enjoyment, and the game’s
aesthetics and success of its visual feedback all appear to be de-
pendant on the level of player engagement, and this engagement
is in turn dependant on the style of the game’s graphical content
(realism and abstraction). We can incorporate these considerations
into a framework for the graphic designer, we must first establish
an adapted terminology.
2.2 Terminology of graphic content
2.2.1 Content composed by graphic objects. Our approach re-
quires differentiating the graphic objects that constitute the graphic
design of a game according to their complexity. To this end, we have
identified three key of types of an imagery: the sign, the symbol
and the pictogram. The sign is defined by Rasmussen [18] as an
object that triggers specific, predefined acts or behaviors he calls
"rule-based-behaviours", which involve low-level perception. The
symbol is an object that triggers "knowledge-based behaviour", and
appears to require more experience to be understood or perceived
in order to trigger a user action. The pictogram represents com-
plex concepts. A designer creates pictograms by combining various
simple graphic objects, such as graphemes and icons [21]1.
Figure 1: "Oncology" pictogram (a) [21]; high and medium
level complexity (b) [6]
2.2.2 The complex pictogram paradigm. A pictogram is a more
or less a stylized image that conveys complex informational content.
For instance, Strauss and Zender [21] propose designing pictograms
(see fig. 1-a) based on a set of concepts known by the users. They
consider a pictogram to be a complex graphic object composed
of elementary graphic objects such as icons and symbols. Icons,
as defined by Ng and Chan [13] comprise both graphic features
(colour, outline shape and size) and cognitive features (familiarity
and meaningfulness) and can be characterized as having an visual
appearance that has a certain effect on users.
Complexity has a cost, however. Some studies have found that the
level of complexity of images has an impact on the users’ memory
performance (A "medium and low complexity" image might show
characters but no background, for example.) [12, 16]. In addition,
Lan-Ting and Kun-Chou [6] have found that learners prefer medium
complexity images on mobile screens (see fig. 1-b). However, while
these studies signal the importance in design of taking memory
performance into consideration (for example, by stylizing the image
or deleting the its background) they do not take into account the
meaning of the image being displayed (as Strauss and Zender [21]).
In a serious game, pictograms must take account of both their
meaning and their impact on the cognitive process of the player.
In addition, must be "playable" in the context of the wider game-
play design and the way they contribute to the player’s sense of
engagement.
1According to Strauss and Zender [21], a grapheme is a graphic object that may or
may not have meaning; an icon is composed of graphemes and represents a simple
concept.
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3 DESIGNING COMPLEX PICTOGRAMS
We propose a novel method for designing complex pictograms for
serious games that takes into account both the impact of visual
complexity on memory performance and the ways in which graph-
ical content affects player engagement. Our method comprises two
complementary frameworks: one relating to graphical intentions
(symbolic, aesthetic, fact) and another relating to graphical style
(realism, abstraction). We envision the designer positioning their
design of a pictogram somewhere in a continuum between these
attributes.
Figure 2: Method
3.1 Step 1: graphical intention
Figure 2 (step 01) shows how to emotions can be managed relative
to the "quality" of the meaning and the accuracy of a pictogram’s
informational content. The grey area indicates the ideal positioning
for a complex pictogram. Placement in this area depends on the
designer’s sensibilities, the intended message of the pictogram, and
on the gameplay.
The term "aesthetics" in this context represents the emotional
response inspired by the graphical content. According to Hunicke et
al.’s three-value model for analyzing video games [3], aesthetics are
the emotional responses aroused in the player during the game. This
emotional element can be inspired by the graphical characteristics
of a image in concert with the game mechanics and the dynamics
of meaningful interaction. This "emotional part" is both an effective
and a necessary factor toward achieving player engagement.
As with a game’s interactive elements, symbolic elements serve
to provoke player behaviors. For contexts in which the player is
required to make decisions, a designer has to consider using images
that draw upon the player’s knowledge, as the rapid evocation of
meaning is critical to ensuring smooth gameplay flow. In video
games, known graphic objects or typographical signs can be used
for this purpose, e.g. a question mark above the head of a quest
character. Such conventions are commonly used in video games.
The "fact" component of this framework can be understood as
the degree of "accuracy" used to convey information and knowledge
in the game. For instance, a photograph or piece of text may be
more exact or accurate than a complex pictogram but nevertheless
not useful in the context of a game. "Fact" describes the serious part
of a serious game.
Complex pictograms must be close to an emotional effect to
improve player engagement, close to a symbolic representation
for quick understanding to allow to play and close to accurate
information for the serious part of the game.
3.2 Step 2: graphical style
Figure 2 (step 02) illustrates our second framework, "graphical
style", which takes into account realism and abstraction2. These are
two components that are important considerations in both in the
context of player engagement and in graphic design theory [8]. For
our purposes we measure realism and abstraction through the lens
of complexity level, i.e. the level of visual complexity, which, as we
have noted above, has an impact on memory performance.
A graphic designer must position their design between these two
opposing styles considering player engagement (realism) and the
learning process (abstraction). McCloud [8] emphasizes that a single
image can be composed of both abstract and realistic elements. In
addition, one can assume that in a serious game, the player requires
more time to "read" (as opposed to understand) complex, realistic
elements than more stylized ones. Finally, players tend to focus
their attention on recognizable details; the designer can use this to
determine how best to convey information.
3.3 Tests with users
In order to validate and understanding of meaning of each pic-
togram, the last step is to conduct tests with users. According to
Strauss and Zender [21], use direct questions to knowwhich graphic
objects are useful for composing these pictograms is efficient (e.g.
stethoscope for a doctor). Also, we believe these pictograms need
to be evaluated in the context of the game (e.g delay of interactions,
error rate). Depending on the required changes, a designer reviews
the graphical intention of the pictogram (step 1: e.g the meaning is
not clear - fact, users "dislike", reject the image - aesthetic) or/and
adjusts the graphical style (step 2: e.g the designer adds a new
graphical object).
4 CASE STUDY: MANTRA
The goal of MANTRA project is to use mobile technology to help
increase maternal and child resilience in rural areas before, during
and after disasters using mobile technology in Nepal3.
4.1 MANTRA, the mobile game
MANTRA is a game for public health education [19]. It is designed
to improve the level of health knowledge among rural Nepalese
women by teaching them how to assess the level of danger posed by
various situations. Because of the lack of literacy skills, the player
has to make choices and progress through the game via an entirely
graphical interface (as verbal cues are not used).
It is a "point and click" style of mobile game with drag-and-drop
style interactions4. It features three playable categories: maternal
health, neonatal health and geohazards. Figure 3 shows the game
2See section 2.1 for the definitions.
3Acknowledgment to the Global Challenge Research Fund (GCRF): the Natural Envi-
ronment Research Council (NERC), the Arts & Humanities Research Council (AHRC),
the Economic & Social Research Council (ESRC). NERC Ref.: NE/P016103/1
4The player uses her finger to initiate the interaction, then uses her finger to move the
image to another part of the screen.
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Figure 3: Second test session in Chyamrangbesi, Nepal.
interface after our test and modifications. On the left are images
called "learning objective" (LO) and on the right, an image called
"answer". Game difficulty is progressively increased by the inclusion
of more potential responses and player progress is shown via a score
bar. To start playing, the player selects what she considers to be
the best LO image to match the answer and drags and drops it onto
the answer image. If the player has chosen the correct LO image,
she wins a point. For each successfully completed level, the player
wins a flower. Overall progression is represented in terms of the
number of completed flowers for each level and category.
4.2 Applying our method
In this section we explain how our method was applied to the design
of complex pictograms to convey information and impart knowl-
edge to the player toward the attainment of learning objectives (see
Fig. 4-b).
a b c
Figure 4: The baby has a fever.
4.2.1 Design workflow. The visual reference used for the cre-
ation of these illustrations produced as part of a research project5
(see Fig. 4-a) for a card game. We used the cards to inspire and
inform the visual "ambience" of our game (e.g. clothes, preferred
postures). We also looked at photographs taken within the target
area (e.g. skin color, vegetation). First, we created sketches that
we considered to be optimal, in terms of framing, positioning, size,
viewing angle, composition, and so forth. Next, we created photo
montages in order to determine what the "realistic" elements might
be, according to our method. Finally, we drew our pictograms, using
the photo montages as reference.
4.2.2 Example: designing our "baby with fever" pictogram. To
give a concrete example of how we applied our method to the game
MANTRA, here we describe how we designed a pictogram called
"baby with fever" (see fig. 4).
Using our "graphical intentions" framework (aesthetic, symbolic,
fact) we applied an "aesthetic-emotion" intention by showing a
crying baby being soothed by an adult’s hand. To achieve "rapid
5Mother and Infant Research Activities; funded by the Department for International
Development and the Institute for Global Health, London,2016.
symbolic meaning", we used relatively few colors, linear or circu-
lar shading and simple forms. In terms of "factual/informational
content", we stayed focused on the main message. For instance, we
avoided using any disruptively decorative graphic objects and we
used additional element to reinforce the message e.g. a red halo on
the baby’s forehead. See Fig. 4-b.
To apply our "graphical style" framework (realism, abstraction)
while also respecting the design choices used for the first frame-
work, we structured the pictograms into three layers of visual
elements: realistic, abstract, and the background. We included the
informational content we wanted to focus on the most within the
more realistic layer of visual elements. For instance, the baby’s
face and the mother’s hand are portrayed more with more realism
than the other parts of the image6 (see Fig. 4-b). We used shading,
shadows and/or a larger number of vectorial points to produce this
realistic layer (see Fig. 4-c and red areas). The "abstract" layer is
composed of a single colour and a very small number of vectorial
points. The background is a solid colour in order to lend a "medium"
or "high" complexity to this pictogram [6].
4.2.3 The background. We varied the background color of the
pictograms in order to limit the potential "appearance association"
effect of the pictogram representing the correct answer. For 24
pictograms we used 10 randomly chosen colored backgrounds. We
assumed that this system would contribute to an interface that was
more visually dynamic and would focus the player’s attention on
the meaning of the pictogram.
4.3 Tests with users
4.3.1 Participants and method. We visited communities in Chan-
denimandan, Chyamrangbesi and Siddhipur in Nepal for the first
session test. A total of 34 women participated in these interviews
discussing the pictograms in Nepalese. Firstly, each pictogram was
shown to participants on a paper (in pairs or individually, depend-
ing on group sizes). After observing their reaction, they were asked
to define the meaning of the images (e.g. "what do you recognize?",
"What do you think is on this image?"). Depending on the responses,
correct meaning was explained. Then, participants were asked what
graphical objects could be added or deleted to improve the image.
Each interview covering 28 pictograms took about 30 - 40 minutes.
All the comments were noted, and translated to English for the
designer.
a b
Figure 5: Before the test (a); after the modifications (b).
4.3.2 Result: an example, our design of "eyes infection". First,
the participants seems to "dislike" this image - see Fig. 5-a (e.g.
leave them indifferent, no particular emotion is shown). Although
6To achieve an optimum composition and viewing angle, we drew the hand of the
baby in the realistic style.
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the medical case condition was recognized by most of them, we
decided to reinforce the meaning of the pictogram and improve its
affective aspect at the same time (step1 of our model). Our major
modification was adding a red area (fact / medical symptom) and
outline the eye in black 7 (aesthetic). According our model and
for the step 2, we used a gradient from red colour to transparent
(realistic area) - see Fig. 5-b.
a b c
Figure 6: "vomiting" (a), "anaemia" (b), "chest indrawing" (c).
4.3.3 Discussion. Our method proved robust enough to address
most of the learning objectives for our game MANTRA. Out of
28 learning objectives, only 4 could not be portrayed using our
method alone. The main challenge we encountered arose when we
attempted to represent diseases and symptoms such as "anaemia"
(fatigue, breathlessness, pale face - see Fig. 6-b) and "chest indraw-
ing", a symptom of pneumonia - see Fig. 6-c8. As breathlessness can
be a symptom of both anaemia and pneumonia, a precise represen-
tation of chest indrawing, showing the precisely manner how the
sick baby breathes, was necessary to be distinguished from other
types of breathlessness.
5 CONCLUSIONS AND FURTHERWORKS
We propose a method for graphic design for games that enables
designers to consider the impact of their design on player engage-
ment, specifically for serious games. Our method introduces key
paradigms for designing meaningful pictograms that affects player
engagement into the graphic design process. Applying scientific
findings about player engagement and memory performance to the
design process can guide the designer’s work and help the designer
produce more impactful games. We have applied our method to the
creation of a "visual language" used in a serious game that deals
with the health risks faced by Nepalese women. Our initial results
suggest that our method can directly assist designers in formalizing
the main intention of each learning objective. In addition, using a
bespoke method like this for conceptualizing a pictogram during
the design process enhances collaboration with experts, informing
the allocation of resources and shaping expectations.
For evaluating serious games, a mixed-method, cross-data anal-
ysis can be useful [4]. A next logical step could be to expand our
method to include the animation process, thus widening the scope
for possible representations and increasing the depth of the in-
formation able to be conveyed. Another step could be to adapt
this method for the 3D design process. For example, the use of
saturated, lighter colours in a 3D real-time engine is effective for
evoking drama in a scene [2]; hence, for 3D interactive scenes, the
7The mothers outline the eyes of their babies in black in this area of Nepal.
8From "IMCI training video: identifying chest indrawing". The lower ribs of the chest
are drawn in when the child takes a breath.
saturation level should be included in any design method for seri-
ous games in order to better manage the evocation of emotion. To
improve our method, it will be necessary to evaluate the impact of
its use upon the effectiveness of a serious game it is used to help
design.
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